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EXECUTIVE SUMMARY 


This is a study of the potential for the production of gold 
and silver from undiscovered resources in five types of mineral 
deposits-polymetallic vein, epithermal, polymetallic replacement, 
carbonate hosted and hot spring- in the Tonopah Quadrangle, 
Nevada. It was completed as part of a continuing effort by the 
Bureau of Mines (BOM) and the U.S. Geological Survey (USGS) to 
develop and present mineral resource and potential supply 
information in a form that is more useful to decisionmakers and 
analysts dealing with mineral-related policy and economic 
issues. An important part of this effort has been the 
development and application of techniques to provide quantitative 
(quantities and values) rather than qualitative (high, low) 
estimates of the undeveloped and undiscovered portions of the 
mineral endowment of an area. The study merges existing geologic . 
knowledge of the region with the economics of mining and milling 
using current technologies. Finally, this work was completed as 
a pilot effort for a joint BOM/USGS analysis of a much broader 
range of mineral terranes and deposit types across the entire 
State of Idaho. 


Results 


Estimated undiscovered precious metal endowment, + for the 
five deposit types studied in the Tonopah Quadrangle, average 6.3 
million troy ounces of gold and 203 million ounces of silver. 
Table 1 shows that at prices of $400/oz for gold and $8/oz for 
silver, potential production from these resources is estimated to 
average 1.8 million ounces of gold and 125 million ounces of 
silver. It is estimated (not shown in Table 1) that 40 percent 
of the potential gold and silver production at these prices will 
come from epithermal deposits. Prices of gold and silver as high 
as $1000 and $20 per ounce, respectively, could result in 
production of 3.6 million ounces of gold and 146 million ounces 
of silver from the resources remaining to be discovered. During 
the past decade, the price of gold (in 1987 constant dollars) has 
ranged from around $300 to $900 per ounce. 

This report discusses the importance of considering the less 
likely, but yet, very real possibility that some very large 
and/or very rich deposits remain to be discovered in an area. 
This is especially important when policy decisions are being 
considered which could limit access to these mineral resources 
for many years into the future. 


1/ Resource endowment is defined as the total physical quantity 
of each metal contained in undiscovered deposits of the five 
types, subject to limits on minimum grade and minimum tonnage. 
Potential production refers to the portion of the endowment that 
may be recoverable under specified economic and technical 
conditions, assuming the area was fully explored. 





























Al ae ee a 
blot Bo ‘nite ubors wane ‘tou Ewhate 
‘stadia ‘36 nec -avzo i a paenee of Noe si botgpe h 
WISKSoS i ay rs a tf fip-he my a , Envarcestt 3 a dy ut sob ry #2: —_— 
pieiaweeop sum aot wi! “ Ried “or iige: ste Mipe nicely re se 
pit: YR IxOITS weirs tr > 2&2 a of Baye eetcit a ae BE 
ot (eget) yo" “THe Laaxtdine 1, Ga 2 ou oat a. (MOEy 4 . ~ Th 
. vhigdea Ia tctnede I Wee ven pees Covi Soaeawe tn tr a eyo 
re eyotsmiotaloeh of iotoiy sem ar Sade ees oe i refs t 
EE A a lede ba, arin VOY thoy anda’ ot ~ J do ties het. Mei: wer iota 
eit need ead stiomdeic ie) eid Wo. Seay teapyouent 
yy? trina ehs eae 6 od mats sights 3-70 hot sw ob Leaps one cad 
(wel  ohode } evicas ? aus, els ean en (Reviav fan weoisai 
fa to enaitiyed | pire enn gyri Pets Freee d fevebay ad: 29 aatpr 
Ee Je) pUlsaixe septa vere oT then ts 20 Pies meoDMe pert 
rion gttioie Io ehganooe afd Aoiw wmatpet sty Yo epbelwo 
oialones new dyow afd ,wikankS ieeidn ofomitoed Saar paled - _ 
‘heord Cau ® te Bshay lena BOR tae ta? &-9 ma Sreits ‘Soria a. - | 
Viteo wt were ry? Jieoqeh bhtws asne2tet. 16 ronda 10 ‘eprny on 
a ‘opt ms ude 4 


¢ ve $ ie " y ; ras : 
i ‘ Jeonwette Javed eusloo1wg beieoodebbat Ba John @>. 7a 
8.t SL pIIRALO NeqgoreT ot at bothete welt oLeogeb evi® = 
yilw to aeneye neiiile toc Ana Sieg Fe Prine vext aot ithe iL 
0.02 bas Ofte we? ‘so* § Io avo j ts Jane evoria L eidstT 
meipenet beets aot Hel Fae e Leltnetog .saviia - 
to esviue aOFD Le @52 tim flog %e seal mn nod Lim a.f ge ay Ht 
yada <6 ar iy @leaTt oy nvicwe 2 vi 7 Rebaaans ak 7 wi ei 
7? keShore sands: rei 7ORRwie teviia Bre dion isitaeioq os Ay 3 
y Ebr Pip som. ; ex) Laarratd tan mort ee 
"LYRRT Pico \Ylawisoegeer .nerin Seg OSS bas COOLe ell 















ial ig 


Po Ot Ac OMS RS Diep 3 peer he iim 4.t 30 noi toubowq 
| 50 yoann. a2 OF piiolernht wa hk hey et? port seviitz ; Lo 
ri YF LLOb Sretares TSR i at) ffeo te pps ene. 1 SPB feng oe 


- > : = 


eS xe ODER os 00c4 bavorn moti bep 

Hit prinabiwties bo exnetwoaut-o? wees week t2roqe% shar Cw 

isk Yheyv sqor aude uditidleson Baan ieee Jey ved \yiedll 

UGzh A He TeV OWEe eG a) naar a tivaweb mols yrev “ION § 





( al ¢ F al . rf * a ry ’ t ‘i: f wy as md | ‘ bens 7 rag i. Lisi osgeo a 
1 * ys ; Sa a: \" S AB , 3G 2 Me i wit€ ifr ok ¢tx) isi oe 7 
| | og paren “a rahe rade 
Bie y ae ae - fs 
' ‘ oe - _ 4 
a 


(ticnasp leobeyig fevad ant. on benitab} 
ovis ate Yo eid oe ety batevese Mas Te 
opantod autety Sen busy monn Lee ae ea ‘ 

teat Joemwolne sh? tq, nekLiiag ong 64 aah "3 
inolnisa? ons D4 MONOT bs | 


oar Ss 


Y on coe siud « : a oe 
oF ba is ms . fore 
a cide oe | me 


a 
> 
Ph 





a. 










In evaluating this broader range of possibilities (not shown 
in Table 1), the study finds there is 1 chance in 10 that the 
gold remaining to be discovered in the Tonopah Quadrangle is more 
than thirteen and one-half million troy ounces. At prices of 
$400' per ounce, there is a 10% chance that almost four and 
one-half million ounces of this remaining gold can be 
economically recovered, and, at $800 per ounce, this figure 
increases to seven and one-half million ounces. That amount of 
gold is almost twice the estimated“ total gold production in 
the area from 1900 to 1984. 


Table 1.-Cumulative Potential Average Production of Undiscovered Gold 
and Silver by Price Level, From Five Types of Deposits In the 
Tonopah Quadrangle of Nevada 





Prices Cumulative Potential Production 
GS/UT. 1 OZ =») (million troy ounces) 
Gold Silver Gold Silver 
200 4 0.7 85.6 
400 8 1.8 4124.5 
600 12 2.8 138.8 
800 16 363 143.7 
1000 20 3°56 146.3 


2/ See "Historical Production" section of this report. 
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BACKGROUND 


This study is an economic evaluation of the potential 
production of precious metals from five types of deposits - 
polymetallic vein, epithermal, polymetallic replacement, 
carbonate hosted and hot spring - in the Tonopah Quadrangle of 
Nevada. The study was completed as part of a continuing effort 
by the Bureau of Mines (BOM) and the U.S. Geological Survey 
(USGS) to develop and present mineral resource and potential 
supply information in a form that is more useful to 
decisionmakers and analysts dealing with mineral-related policy 
and economic issues. An important part of this effort has been 
the development and application of techniques to provide 
quantitative rather than qualitative (high, low) estimates of the 
undeveloped and undiscovered portions of the mineral endowment of 
an area.~ An expanded version of the decision oriented analytic 
techniques described in this paper is currently being used to 
assist the Bureau of Land Management in meeting -its land use 
decision making responsibilities for the White Mountains National 
Recreation Area and the Steese National Conservation Area of 
Alaska. 

In applying these techniques to Tonopah, USGS assembled, 
evaluated, and interpreted geologic information to provide 
quantitative estimates of the yndiscovered mineral resource 
characteristics of the area.*,~ These estimates are reported 
as probability distributions so the degree of uncertainty 
surrounding the estimates is explicitly and quantitatively 
expressed. 

The Bureau uses this quantitative information in its 
Potential Supply Analysis System (PSAS)° to estimate the 
economic potential of these resources by evaluating the 
profitability of producing the expected types of mineral deposits 
with technically feasible mining and milling processes. The 
resulting quantitative estimates of potential mineral supplies 
serve as baseline information against which public policy and 
economic scenarios can be analyzed. The impact of changes in 
such policy and economic factors as land accessibility, 
environmental protection requirements, production technology, and 
taxes can then be measured in terms of their effect on the 
quantities and values of potentially recoverable mineral 
resources. 

The current study of the Tonopah Quadrangle does not include 
analyses of public policy issues. The ongoing Statewide 
potential supply assessment of Idaho will include analyses of 
selected policy and economic issues. 


3/ Work on these techniques is also underway in cooperation with 
the State of Alaska’s Division of Geological and Geophysical 
Surveys. 

4/ Singer and Ovenshine (1979). 

5/ Cox and Singer (1986). 

6/ See "Methodology" section for more complete description of 
PSAS. 
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METHODOLOGY 


The Potential Supply Analysis System 


The Potential Supply Analysis System (PSAS) used in this 
study is the Bureau of Mines’ policy analysis system for 
estimating the quantity and value of minerals that might be 
produced in an area, from both undiscovered and known but 
-undeveloped deposits, under various economic and policy 
conditions. The development of this system originated with the 
need to obtain better estimates of the mineral supply potential 
on public lands, and the miperal production consequences of 
federal land use decisions.’ However, PSAS can be equally 
useful for investigating the effects of proposed environmental 
standards, policies directed at the critical and strategic 
mineral supply position of the Unitea States, the benefits of new 
mining technologies (or research leading to new or lower cost 
mining technologies) and other areas of policy interest. 

The system integrates three major analyses within a 
large-scale computer simulation. In the first component, 
geologists utilize existing and newly collected field data to 
estimate the potential for undiscovered mineral deposits and the 
important geologic characteristics of both the undiscovered and 
the known but undeveloped deposits in a particular geographic 
location. Second, the profitability (includes a 15% discounted 
cash flow rate of return on investment) of each of these mineral 
deposits is estimated for a range of possible mining and milling 
techniques and a range of assumptions about possible mineral 
market conditions. Those deposits found to be profitable are 
considered to be part of potential supply for the specified 
economic and market scenario. Third, in full scale analyses (not 
applied in this study of the Tonopah quadrangle), estimates are 
made of the number of jobs, annual incomes, and local and state 
tax revenues that could be generated by alternative mineral 
discovery, development, and production scenarios. 

‘A key element of a Potential Supply Analysis is the ability 
to incorporate uncertainty regarding geologic characteristics of 
the mineral resources which may be contained in an area. The 
degree of uncertainty about the type, quantity, and quality of 
these mineral resources will depend on the amount and quality of 
the geologic information available for the area under study. 
Geologists reflect their uncertainty by estimating a range of 
values that they believe may exist (along with estimated 
probabilities of existence), including the very rich but perhaps 
less likely possibilities. Using this information, the economic 
importance of the mineral potential of a region may be estimated, 
with the uncertainty reflected by a range of values - the greater 
the uncertainty, the wider the range. 


7/ White, White, and Dillon (1987). 
8/ Shantz and Maki, (1988). 
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This "base case" projection typically incorporates existing 
restrictions on lands or production methods, but may estimate 
potential with no restrictions. New estimaces, reflecting the 
withdrawal of lands (e.g. Wilderness Areas, Scenic Rivers, etc.) 
or the adoption of new environmental standards (e.g. water 
quality requirements or transportation constraints), represent 
"policy cases." The differences between "policy" and "no policy" 
cases are measures of the mineral quantity and dollar costs of 
the proposed policies. 


The Tonopah Study 


This study of the Tonopah quadrangle assesses the 
undiscovered gold and silver that may be present in the five 
deposit types identified above, determines the potential for 
production of these metals from these deposit types, and 
estimates the economic values associated with any production that 
might occur. 

The results reported here reflect: an assessment of the 
number, size, grade, and the depth of undiscovered mineral 
deposits based on the best available geologic knowledge; an 
evaluation of each deposit’s economic feasibility using a set of 
mine and mill models reflecting current technologies; and the use 
of a monte carlo simulation model to allow the wide range of 
possibilities to be represented and evaluated. 

This study makes several simplifying assumptions that will 
be relaxed in any subsequent statewide assessment. They are: 


- All undiscovered deposits are assumed to be discovered 
in the first year of the analysis, and are evaluated 
from that point forward; 


= Market prices and costs for any metals produced are 
assumed to remain constant throughout the life of a 
mine; 

- This report focuses on precious metals, and does not 


report base metal production potential (although they 
were addressed in the analysis and helped determine mine 
profitability) ; 


- The production potential for the area is estimated using 
five price scenarios for gold ranging from $200 to $1000 
per troy ounce. Silver prices are equal to 1/50th of 
gold prices, and base metal prices are fixed at 
late-1987 levels; and 


= There were assumed to be no capital or labor related 
production constraints, and no metal price changes 
resulting from new production. 
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HISTORICAL PRECIOUS METAL PRODUCTION 


The State of Nevada 


The gold mining industry in Nevada has experienced explosive 
growth in the 1980’s resulting in the State accounting for 52 
percent of total U.S. gold production in 1985. Annual gold 
production quadrupled and silver production doubled in Nevada 
between 1981 and 1986. The value of gold production in Nevada 
grew from $241.2 million in 1981 to $772.9 million in 1986. From 
1981 to 1986, the boom in gold and silver mining created an 
estimated 1,956 new jobs in the mining industry and approximately 
2,150 additional jobs in industries that sell to the mining 
companies and their employees. This added an estimated $165 
million in annual personal earnings, directly and indirectly, to 
Nevada’s economy. 


The Tonopah Quadrangle 


Historically, the Tonopah Quadrangle has been one of the 
most productive regions in the State. The Tonopah Quadrangle is 
located in central Nevada (Figure 1), comprises approximately 
19,000 sq. km. and lies between latitudes 38 and 39 degrees north 
and longitudes 116 and 118 degrees east. Major towns within the 
quadrangle include Gabbs, Manhattan, Round Mountain, and 
Tonopah. Gold mining has unquestionably played a long and 
Significant role in the development of the region. Early 
activity, beginning in the late 1800s, was concentrated in the 
Bell (Cedar Mountain), Belmont, Mammoth (Lodi), Tybo, and Union 
districts. Important producing mining districts within the 
Tonopah quadrangle include the Manhattan, Round Mountain, and 
Tonopah districts. Gold production in the Tonopah quadrangle 
from 1990 Fhrough1984 totaled approximately 3.7 million troy 
OUNCES ie ae! Silver production in the Tonopah 
district alone - less than 10% of the quadrangles area - from 
1900 through 1961 was 174.1 million troy ounces.1!* while 
neither value represents total cumulative production from the 
Tonopah Quadrangle, they do provide useful reference points for 
the results of the following analysis. 


_9/ Swisko (1987). 

10/ This number includes production from the following districts 
in the Tonopah Quadrangle: Bell (CedarMountain), Ellendale, 
Gold Hill, Jefferson Canyon, Mammoth (Lodi), Mangattan, 
Northumberland, Round Mountain, Tonopah, Tybo, and Union. 

1i/ Koschmann and Bergendahl (1986) 

12/ Bonham and Garside (1979) 

13/ Lowe, Raney, and Norberg (1985) 
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FIGURE L. -THE TONOPAH QUADRANGLE, NEVADA 
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UNDISCOVERED PRECIOUS METAL ENDOWMENT AND PRODUCTION 
POTENTIAL IN THE TONOPAH QUADRANGLE 


Mineral Deposits and Potential Production 


The five deposits types addressed in this study --polymetallic 
vein, epithermal, polymetallic replacement, carbonate hosted and hot 
spring-- are likely to differ in at least three aspects: the number 
of undiscovered deposits remaining, the quantities of gold and 
Silver contained in the deposits, and the economic attractiveness of 
the deposits. Figure 2 shows that, on average, polymetallic vein 
deposits constitute almost half of the number of deposits remaining 
to be discovered, but slightly less than 40% of the economically 
recoverable deposits at the assumed gold and silver prices. 
Epithermal deposits, constitute about 29% of those remaining to be 
discovered, but almost half of those that may actually produce gold 
or silver. The other three types of deposits studied represent 
almost 22% of the undiscovered deposits, but less than 12% of those 
that would be exploited at a gold price of $400/oz. 

Tables 2a and 2b correspond to Figure 2, and show the minimun, 
average and maximum number of deposits for each deposit type, from 
both the geologic perspective (Table 2a.) and that of the potential 
mining company (Table 2b.). As can be seen, the number of 
economically recoverable deposits (average or maximum) increases 
with higher prices. 

Figure 3 shows the distribution of gold endowment and 
recoverable gold by deposit type. Figure 4 provides the same 
information for silver. From these figures and Figure 2, it can be 
seen that, while polymetallic veins constitute almost half of the 
undiscovered deposits (fig. 2), they contain less than 2% of the 
total gold endowment (fig. 3) and a similar small percentage of the 
gold that could be profitably produced at the stated prices 
(fig. 3). Similarly, the undiscovered polymetallic vein deposits 
are estimated to contain slightly over 10% of the silver endowment 
and around 13% of the potentially recoverable silver (fig. 4). 

By way of contrast, undiscovered epithermal deposits, which on 
average constitute less than 29% of the undiscovered deposits in the 
Tonopah Quadrangle (fig. 2), are estimated to contain over 40% of 
the area’s gold endowment and more than 80% of the gold that can be 
profitably produced at a price of $400 per ounce (fig. 3). 
Epithermal deposits are also expected to continue approximately 75% 
of the silver endowment and more than 80% of the recoverable silver 

figsa4). 

: Finally, although hot spring deposits contain over 37%, on 
average, of the gold endowment, it is not expected to be profitable 
to produce most of this gold. This is evidenced by the estimate 
that these deposits account for less than 6% of the remaining 
potentially recoverable gold (fig. 3). 
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Figure 2. Number of Undiscovered Deposits: Distribution by 
Deposit Type for Total vs. Economically Recoverable 
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Figure 5. Undiscovered Deposits: Distribution by Deposit Type 
for Total Gold Endowment vs. Potentially Recoverable Gold 
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Figure 4. ‘Undiscovered Deposits: Distribution by Deposit Type 
ror Total Silver Endowment vs. Potentially Recoverable Silver 
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Table 2a. 
Estimated Number of Undiscovered Deposits, 
by Type, in the Tonopah Quadrangle 

Estimated Number of Deposits 
Deposit Type Minimum Average Maximum 
Polymetallic Vein 2 6.9 13 
Epithermal ni 4.1 nig 
Polymetallic Replacement 0 1.0 2 
Carbonate-Hosted 0 L.3 4 
Hot Spring 0 tac? 4 





Table 2b. Estimated Average and Maximum 1 Number of Undiscovered 
Deposits with Economically Recoverable Gold or Silver by 
Deposit Type and Gold and Silver Price Levels 








Prices ($/ troy ounce) 
Gold 200 400 600 800 1000 
Silver 4 8 12 16 20 
Deposit 
Type Ave. Max. Av Max. Ave. Max. Ave. Max. Ave. Max. 
Polymetallic 
Vein 0.4 3 1.0 4 1.6 6 Za fi 2.4 ri 
Epithermal 0.3 4 183 6 Pale 8 2.6 8 a2 8 
Polymetallic 
Replacement 0.1 a 0.2 1 Ors ak Ora us 0.3 1 
Carbonate 
Hosted 0 0 0 0 0.3 3 0.5 3 0.6 3 
Hot Spring 0 0 0 0 0.2 2 0.4 3 0.6 3 
Total 2 0.8 Reet hau: laa va ehinbmwakaat: vee ais Mea Be I oo > 


1/ The minimum number of deposits is zero for all price levels and 
deposit types depicted in this table. 

2/ For technical reasons, the quantities shown for each deposit type 
under the "Max" column cannot be added together to arrive at the "Total" 
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Uncertainty in Resource Assessments and Production Potential 


Averages, while interesting as summary measures, tend to 
mask the uncertainty inherent in estimates of endowment and 
mineral production potential. Far more useful, to policy makers 
and the mineral industry, are estimates of the range of 
possibilities, and the likelihood of each of those 
possibilities. Such results may be developed using computer 
simulations, in which undiscovered deposit ’scenarios’ are 
repeatedly created and evaluated. Each scenario contains various 
types, numbers, sizes and grade(s) of undiscovered mineral 
deposits; and uses standard economic evaluation methods to 
determine the potential for the production of their metals. 
Averages reported in this paper are the average outcomes of all 
scenarios, while the ranges reveal the variance of possible 
outcomes and their consequences. 

Tables 3a and 4a expand upon the information in Figures 3 
and 4, and show the range of quantities of gold and silver in the 
endowment, respectively, for deposits of each type.2 The 
total undiscovered gold endowment is estimated to range from just 
over one million troy ounces at the 90-percent probability level 
to over 13.5 million at the 10-percent level. In other words, 
there is a 10% chance that the gold remaining in five types of 
undiscovered deposits is more than three and one-half times the 
estimated 3.7 million ounces of g9ud production from the Tonopah 
Quadrangle between 1900 and 1984. 

Polymetallic replacement deposits are less likely to exist 
in the Tonopah Quadrangle than other types. Carbonate hosted 
deposits are likely to be the least significant sources of silver 
resources contributing only slightly more than 2 million troy 
ounces on average, but with a 75% chance that no silver will be 
contained in these deposits. Total silver resources in the 
Quadrangle average more than 200 million ounces, with a 10% 
chance that more than 380 million ounces are contained in the 
five deposit types, and an equal chance than there are less than 
12 million ounces. 


14/ The likelihood of various quantities of resources is 
indicated by a cumulative probability distribution, shown in 
the column headings of each table. A "25%" in a column heading 
indicates that there is a 25% chance that the "true" value will 
be at least that given in the table (and a 75% chance that the 
"true" value will be smaller). In Table 3a, for example, there 
is a 75-percent chance that there are at least 455 thousand troy 
ounces of gold contained in epithermal deposits. 

15/ See “Historical Production" section of this report. 
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Table 3a. 
Undiscovered Gold Endowment by Deposit Type 
in the Tonopah Quadrangle 
(Thousands of Troy Ounces at indicated probability levels) 

Deposit Type Probability Levell/ 

-90 -75 -50 225 -10 Average 
Polymetallic Vein 0 2 8 24 103 90 
Epithermal 126 455 1293 2838 5387 2541 
Polymetallic Replacement 0 0 0 18 131 96 
Carbonate-Hosted 81 205 585 1354 2660 1188 
Hot Spring 0 1 354 1659 4711 2344 
Total 2/ 1031 1921 3745 6922 13573 6259 


1/ The probability that the quantity is at least the given value. 
2/ For technical reasons, except for the "average" column, the 
estimates shown for each of the five deposit types, under each 
probability column, cannot be added together to arrive at the 
"Total" shown for that probability column. 
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Table 4a. 
Silver Endowment by Deposit Type 
in the Tonopah Quadrangle 
(Thousands of Troy Ounces at indicated probability levels) 
Deposit Type Probability Levell/ 
-90 275 -50 225 -10 Average 
Polymetallic Vein 841 2143 6480 18972 47247 20942 
Epithermal 1106 5757 21451 79069 260785 153401 
Polymetallic Replacement 0 0 0 10152 39537 19799 
Carbonate-Hosted 0 0 0 0 2653 2148 
Hot Spring 0 0 612 5652 19870 7138 
Total 2/ 12083 27882 67722 154036 381584 203428 


1/ The probability that the quantity is at least the given value. 
2/ For technical reasons, except for the "average" column, the 
estimates shown for each of the five deposit types, under each 
probability column, cannot be added together to arrive at the 
"Total" shown for that probability column. 
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Gold and Silver Potential Production and Economic Value 
Potential Production 


Tables 3b and 4b show the economically recoverable gold and 
Silver at five price levels. At $200/oz gold and $4/oz silver 
it is estimated that there will be no recovery of either metal 
from hot spring deposits. On average, the proportion of the gold 
endowment contained in polymetallic vein deposits that is 
economically recoverable ranges from 27% at $200/oz to 33% at 
$1000/oz and, for silver, from around 69% to 89% at silver prices 
of $4/oz. and $20/oz., respectively. 

Figures 5 and 6 graphically show three levels of certainty 
from the "total all deposits" sections of tables 3b and 4b. The 
three curves plot the minimum amounts of production expected at 
various price levels with the probabilities indicated. For 
example, Figure 5 shows that at $600/oz for gold, there is a 75% 
chance that the quantity of potentially recoverable gold is 373 
thousand ounces or more. Also, there is a 25% chance that 
production will be between 373 thousand and 1.26 million ounces, 
a 25% chance that the quantity will be from 1.26 to 3.39 million 
ounces, and a 25% chance that production of gold will exceed 3.39 
million ounces. Historical production of 3.7 million ounces of 
gold and 174 million ounces of silver are also plotted as a 
reference point on Figures 5 and 6, respectively. 

Other statements that may be derived from these graphs (or 
the tables on which they are based) include: A gold price of 
approximately $700/oz would result in a one in four chance that 
future production potential would exceed past production (3.7 
million troy ounces from 1900 to 1984); at all price levels, 
there is a 50% chance that virtually all recoverable gold will be 
obtained from one deposit type (epithermal); at historically high 
price levels, the production potential of gold is more sensitive 
than silver to further price increases; there is a chance 
(between 10% and 25%) that future silver production will exceed 
the 1900-1961 cumulative total for the Tonopah district; and 
there is a 50% chance that future silver production will be less 
than 37 million ounces, even at prices as high as $20/oz. 

Finally, it is important to note that Tables 3b and 4b show 
a wide range in the possible quantities of potentially 
economically recoverable gold and silver resources from deposits 
waiting to be discovered in the Tonopah Quadrangle. Of 
particular importance, however, is the fact that this range 
includes the possibility that substantial resources may yet be 
produced from the area, depending upon the prevailing prices. 
Indeed, it is the less likely but very real possibility of 
finding those profitable larger and/or higher-graded deposits 
that provides the motivation for mineral companies to invest 
their financial resources in exploration. These investments, in 
turn, generate jobs, income and revenues for the hosting State 
and the Nation. It is important, therefore, that estimates of 
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Table 3b. Potentially Economically Recoverable Gold in the Tonopah 
Quadrangle, by Deposit Type, Price and Probability 
(Thousands of Troy Ounces at indicated probability levels) 





Deposit Type Probability Level 1/ 


-90 6/5 -50 25 -10 Average 


Polymetallic Vein 


$200/oz. 0 0 0 0 is) 24 
400/oz. 0 0 0 3 18 26 
600/oz. 0 ) 0 6 25 28 
800/oz. 0 0 1 7 29 29 

1000/oz. 0 0 1 8 32 30 

Epithermal 

$200/oz. 0 0 0 0 juste b 654 
400/oz. 0 0 341 1657 3810 1480 
600/oz. 0 159 716 2204 4243 1884 
800/oz. 30 266 894 2338 4419 2023 

1000/oz. 96 319 1004 2370 4477 2082 

Polymetallic Replacement 

$200/oz. 0 0 0 ) 0 18 
400/oz. 0 0 0 0 15 28 
600/oz. 0 0 O 0 38 36 
800/oz. 0 0 0 0 51 39 

1000/foz. 0 0 0 0 56 39 

Carbonate-Hosted 

$200/oz. 0 a) 0 0 ) 51 
400/oz. 0 0 0) 0 186 197 
600/oz. 0 0 0 123 1055 351 
800/oz. 0 0 6) 420 1385 468 

1000/oz. 0 0 69 584 1552 549 

Hot Spring 

$200/oz. 0 0 0 9) 0 0 
400/oz. 0 0 0 0 0 100 
600/oz. 0 6) 0 0 490 468 
800/oz. 0 0 0 215 1589 765 

1000/oz. 0 0 10) 383 2014 940 

Total All Deposits 2/ 

$200/oz. 0 0 0 253 1531 747 
400/o0z. 0 22 558 2098 4467 1831 
600/oz. 73 373 1263 3390 6354 2767 
800/oz. 238 703 1726 3902 7524 3324 
1000/oz. 340 899 2013 4245 7984 3640 


BE Bile ae dh a ep cela ee 
1/ The probability that the quantity is at least the value shown. 
2/ For technical reasons, except for the "average" column, the 
quantities shown for each of the price levels under each deposit 
type and under each probability column, cannot be added together 
to arrive at the "Total All Deposits" shown for that price level 
and probability column. 
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Table 4b. Potentially Economically Recoverable Silver in the Tonopah 
Quadrangle, by Deposit Type, Price and Probability 
(Thousands of Troy Ounces at indicated probability levels) 


eee 
Deposit Type Probability Level 1/ 


-90 Sal Be) - 50 225 ~10 Average 
Polymetallic Vein 
Sa O72. 0 0 0 2545 19806 14441 
8/0OZ. 0 0 1255 9040 21934 16838 
12 7Oci. 0 289 2351 10628 23444 L7755 
16/oz. 0 764 2960 11547 24423 18375 
20/0z. 87 975 3567 11800 26281 18674 
Epithermal 
S. 4/02. 0 fe) ) 0 22850 66691 
8/0Z. 0 0 3356 38237 155269 100567 
12/oz. 0 1028 11489 60774 187844 111540 
16/0z. 72 1999 15116 66027 198731 114644 
20/oz. 3oL 3359 16069 67270 200236 LLG3Us 
Polymetallic Replacement 
$ 4/oz. 0 ie) 0 0 389 4473 
8/OZ. 0 0 0 0 12607 6822 
127025 0 0 0 0 17873 8613 
16/oz. 0 0) O 1689 19706 9057 
20/7024. 0 0 0 2514 20100 F251 
Carbonate-Hosted 
So: 4/02. 0 0 0 0 0 2 
8/oz. 0 0 0 0 fe) 97 
12/oz. 0 0 0 0 0 249 
16/0z. 0 0 0 0 0 321 
20/0z. 0 0 0 0 124 369 
Hot Spring 
Sea Aoze 0 0 0 0 0 0 
8/0OZ. 0 0 0 0 0 Ley 
12/oz% 0 0 0 0 400 662 
16/02. 0 0 0 0 2450 LOL 
20/oz. 0) 0 0 566 3547 Looe 
Total All Deposits 2/ 
S)47oz. 0 0 665 18180 15287 85605 
8/OZ. 122 3158 17597 71484 211709 124451 
M2 EO os 2601 9305 29224 94830 246295 138818 
16/0z. 4194 12229 35374 99734" 253717 143713 
20/oz. 5506 14401 36958 101060 261574 146264 


1/ The probability that the quantity is at least the value shown. 
2/ For technical reasons, except for the "average" column, the 
quantities shown for each of the price levels under each deposit 
type and under each probability column, cannot be added together 
to arrive at the "Total All Deposits" shown for that price level 
and probability column. 
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Figure 5. 


Gold Price (Dollars per Troy Ounce) 


Gold Production Potential — Tonopah Quadrangle 
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Figure 6. Silver Production Potential — Tonopah Quadrangle 


Silver production — Tonopah District (1900-1961) 
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the impacts of policies which affect access to these minerals or 

that increase the costs of their production be based on the full 

range of potential supplies. Estimates of impacts based upon the 
"average" or "most likely" values may result in Significantly 


underestimating the potential costs to the Nation of such 
decisions. 


Value of Potential Production 

The economic values of potential gold and silver production 
from the Tonopah Quadrangle are presented as the present value of 
production (PVP) of each of the two precious metals and as the 
net present value (NPV) of mining activity. The first is a 
measure of potential gold and silver sales, and was calculated by 
multiplying each year’s production, from those deposits that can 
be profitably produced, by the assumed product price and 
discounting the result to the present using an assumed risk free 
7.5% discount rate. The second is a measure of potential 
profitability and was calculated by subtracting all mine and 
milling costs from total revenues (including those from base 
metal production) and discounting the result to the present at an 
assumed risk-adjusted required rate of return of 15% on 
investment. 

The present value of potential gold production averages $73 
million at a price of $200/oz, increasing to $1.7 billion at a 
price of $1000/oz (Table 5). At $800/oz gold there is a 10% 
chance that the present value of potential production will exceed 
$2.8 billion, and an equal chance that it will be less than $108 
million. The average present value of silver production 
increases from $153 million (at $4/oz) to $1.35 billion at the 
highest price considered (Table 6). 

The net present value of production (NPV) of all metals from 
the five deposit types studied is shown in Table 7. The same 
information is presented graphically in Figure 7 for selected 
probability levels. Average values range from $46 million to 
$1.2 billion for the different price assumptions. At a gold 
price of $600/oz and a silver price of $12/oz, there is a 10% 
chance that the NPV will exceed $1 billion, but this value more 
than doubles at the highest prices considered. At the same price 
levels, there is also a 10% chance that the NPV of production 
will be less than $19 million and $117 million respectively. 

The range of NPV estimates indicates that there is the 
potential for future production of large amounts of gold and 
Silver, with significant direct and indirect impacts on the local 
and state economy. As a result, policy changes which limit 
mineral activities in this region could impose significant costs 
on its economy. 
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Table 5. Present Value of Potential Gold Production in the Tonopah 
Quadrangle, by Price and Probability 
(Millions of 1986 Dollars) 


Gold Price Probability Level 1/ 
troy ounce -90 -75 -50 225 -10 Average 
200 0 0 0 27 177 {i 
400 0 5 129 436 955 355 
600 30 129 416 397 1861 189 
800 108 313 739 1589 2830 1253 
1000 199 502 1042 2118 3688 1706 





1/ The probability that the present value is at least the value shown. 


Table 6. Present Value of Potential Silver Production in the Tonopah 
Quadrangle, by Price and Probability 
(Millions of 1986 Dollars) 





Silver Price Probability Level 1/ | 
troy ounce -90 275 -50 225 -10 Average 
4 0 0 2 45 156 Loos 
8 1 16 83 312 842 456 
12 19 66 Lod 607 1463 768 
16 41 115 317 855 Looe 1062 
20 66 170 412 1104 2494 AB 


a 


1/ The probability that the present value is at least the value shown. 
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Table 7. Net Present Value of Production of All Metals in Undiscovered 


Deposits in the Tonopah Quadrangle, by Price and Probability 
(Millions of 1986 Dollars) 





Prices 
($/troy Ounce) 


200 


400 


600 


800 


1000 


12 


16 


20 


Probability Level 1/ 


Gold Silver -90 75 -50 -25 -10 Average 


12 


63 


117 


11 


64 


149 


255 


58 


190 


379 


586 


20 


193 


510 


899 


1318 


83 


506 


1035 


1659 


2288 


46 


238 


510 


836 


1186 


1/ The probability that the net present value is at least the value 


shown. 
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Figure 7. Metal Production Potential — Tonopah Quadrangle 
Net Present Value of Production 
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CONCLUSION 


This Study has shown that by using techniques which merge 
geologic analysis with economic and engineering analyses, 
quantitative information concerning the economic potential of an 
area’s undiscovered mineral resources can be developed. 

The study estimates that the precious metal endowment 
contained in five deposit types in the Tonopah Quadrangle average 
6.3 million troy ounces of gold and 203 million ounces of 
silver. At prices of $400/oz for gold and $8/oz for silver it is 
estimated that an average of 1.8 million ounces of gold and 125 
million ounces of silver will be economically recoverable. At 
prices of gold and silver as high as $1000 and $20 per ounce, 
respectively, potential production could average 3.6 million 
ounces of gold and 146 million ounces of silver from the 
endowment remaining to be discovered. 

Finally, the study finds that there is one chance in ten 
that the gold remaining to be discovered in the Tonopah 
Quadrangle is more than thirteen and one-half million troy 
ounces. At a price of $400 per ounce for gold there is a ten 
percent chance that four and one-half million ounces of this 
remaining gold can be economically recovered. There is also a 
ten percent chance that at least seven and one-half million 
ounces of the remaining gold would be economically recoverable at 
a gold price of $800 per troy ounce. 
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As the Nation’s principal conservation agency, the Department of the Interior 
has responsibility for most of our nationally owned public lands and natural 
resources. This includes fostering the wisest use of our land and water resources, 
protecting our fish and wildlife, preserving the environment and cultural values 
of our national parks and historical places, and providing for the enjoyment of 
life through outdoor recreation. The Department assesses our energy and ‘mineral 
resources and works to assure that their development is in the best interests of 
all our people. The Department also has a major responsibility for American Indian 
reservation communities and for people who live in island territories under U.S. 


administration. 
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